Volatile compounds present on fruits and leaves of Mangifera indica var. coquinho were investigated by headspace solid phase microextraction (HS-SPME) and hydrodistillation (HD). Conventional techniques, such as hydrodistillation, may impart chemical changes to the original oil composition being also timeconsuming. On the other hand, HS-SPME provides solvent-less extractions, shorter extraction times and may supply complementary information about the composition of the compounds. The HS-SPME technique was previously evaluated by the comparative study among the fibres: commercial PDMS, NiTiZrO 2 and NiTi-ZrO 2 -PDMS. The fibre NiTi-ZrO 2 -PDMS showed better sensitivity and precision and was used on the extraction of components. The influence of several parameters like the time and temperature of extraction and desorption time were examined to obtain better efficiency. Fruits and leaves were analysed in mature and immature stages. The profiles corresponding to the volatile compounds detected by both techniques are discussed.
Introduction
Original from the east, Mangifera indica is an exotic tree that was very well adapted in Brazil. It is considered one of the best tropical fruit, popularly known as mango. Ethnobotanical studies indicate that M. indica is widely used in Brazil to treat back ache and bronchitis (Albuquerque et al., 2007) . The use of medicinal plants is a direct consequence of ancient habits involving the search of natural healing against sickness and pathologies. These plants have active substances in their composition with high therapeutic potential. The essential oils, like some of those substances, are extremely powerful. The solid phase microextraction (SPME) is an efficient technique used on the extraction of volatile oils. Introduced by Arthur and Pawliszyn (1990) , it is a solvent-free sample preparation technique for the extraction of volatile and semi volatile compounds (Bicchi, Cordero, Liberto, Sgorbini, & Rubiolo, 2007; Cavalli, Fernandez, Lizzani-Cuvelier, & Loiseau, 2003) . The nature of the fibre coating strongly influences the HS-SPME sampling, as well as physical factors such as headspace equilibration temperature, extraction time and analyte diffusion rate from the vapour phase to the fibre surface (Bianchi, Nuzzi, Leva, & Rizzolo, 2007) . The hydrodistillation (HD) was used as a complementary technique for the elucidation of possible misinterpretations as a result of processes that may promote artifact formation (Schossler, Schneider, Wunsch, Soares, & Zini, 2009 ). The volatile oil composition of fruits and leaves from M. indica var. coquinho has been reported previously, but analysed only through one method of extraction, the HD and at one stage of maturation (Helena et al., 2000; Torres, Talens, Carot, Chiralt, & Escriche, 2007) . Simionatto, Peres, Hess, Silva, and Chagas (2010) found for the first time an interesting anticancer activity in the leaf oil of M. indica var. coquinho, suggesting the presence of very active sesquiterpenes. In this context, the aim of the present work is to compare the volatile oil composition of fruits and leaves collected during different periods of vegetation. The results show the differences and similarities obtained by two extraction techniques, the hydrodistillation and HS-SPME. Carasek (2007a, 2008) reported the preparation and application of two new fibres used in HS-SPME technique, the NiTi-ZrO 2 and NiTi-ZrO 2 -PDMS which have as main characteristics thermal stability and excellent sensitivity. They were successfully applied in the extraction of some analytes (Budziak, Martendal, & Carasek, 2007b) and here are evaluated on the extraction of essential oils. The parameters of HS-SPME technique were optimised to improve analysis efficiency. 0 33 00 W. Leaves and fruits were sampled of the same bush in the two seasons. After collected, the samples were immediately fractioned in two parts and submitted to hydrodistillation and HS-SPME.
Hydrodistillation
Fresh leaves (200 g) and fruits (150 g) were subjected to hydrodistillation in a modified Clevenger apparatus for 4 h, followed by exhaustive extraction of the distillate with hexane. Anhydrous sodium sulphate, previously heated to 400°C, was employed to eliminate essential oil humidity. After removal of the solvent, the average yield of the crude oils was 0.12%.
HS-SPME

Fibre selection
The experiments were performed using a SPME holder and fibre assemblies for manual sampling (Supelco, Bellefonte, PA, USA). Three different fibres were evaluated for the extraction of the essential oil as follows: commercial fibre of polydimethylsiloxane (PDMS, 100 lm) and the two new fibres, NiTi-ZrO 2 (1.35 lm) and NiTi-ZrO 2 -PDMS (35 lm) prepared in the Laboratory of the Federal University of Santa Catarina (Budziak, Martendal, & Carasek, 2007a; Budziak, Martendal, & Carasek, 2008) . Before measurements the fibres were conditioned according to Supelco's recommendations.
The experiment for the selection of the fibre was performed with 0.1 mg of fresh chopped leaves inside 4 mL amber vials capped with PTFE-coated septa, at temperature controlled of 30°C and headspace extraction of 5 min. Desorption of the analytes was carried out at 240°C during 60 s. Fig. 1 shows the results for the extraction efficiency evaluated by the peak areas in chromatograms obtained with the three studied fibres. The NiTi-ZrO 2 -PDMS (35 lm) fibre has a higher adsorptive capacity compared to the other fibres evaluated. It proved sensitivity and precision, with coefficient of variation (CV%) smaller than 10%, and was chosen for the study of the chemical composition of the essential oil of leaves and fruits of M. indica var. coquinho.
Optimisation of HS-SPME method
Using the NiTi-ZrO 2 -PDMS fibre the following parameters that could affect the extraction efficiency were optimised: mass of sample, extraction time and temperature and desorption time. Fruit's experiments were performed with masses of 10 and 100 mg of sample and leaves' experiments were performed with 1, 10, 50 and 100 mg of sample. The effect of the temperature on the extraction process was evaluated by testing successive conditions at room temperature (30°C), 40, 50 and 60°C. The influence of the exposure time of the fibre was studied in experiments performed at 15, 30, 45, and 60 min. The time required for desorption of the substances from the fibre coating was determined testing the times of 30, 60, 90 and 120 s at an injector temperature of 250°C. For each experiment, at least three replicates of extraction were performed.
Chromatographic analysis
The HS-SPME/GC-MS analyses were performed with Varian GC-MS system comprising a CP-3900 gas chromatograph (Walnut Creek, CA, USA) with 1177 injector and ion-trap mass spectrometer (Saturn 2100-T/MS/MS). Chromatographic separation was performed on a Factor Four VF-5 ms fused-silica capillary column (30 m Â 0.25 mm, d f 0.25 lm), from Varian (Walnut Creek, CA, USA). A SPME liner (72 mm Â 0.75 mm i.d) purchased from Varian was used. The initial temperature of oven was of 50°C (2 min) and increased to 250°C at 3°Cmin
À1
, and the injector was kept at 250°C. Helium (99.999% purity) was used as carrier gas at a constant flow of 1.0 mL min
. The temperatures of the manifold, GC-MS interface and the ion trap were 50, 250 and 200°C, respectively. The MS scan parameters included electron impact ionisation voltage of 70 eV, mass range of 40-450 m/z and scan interval of 0.5 s. Saturn GC/MS 5.52 workstation software was used for instrument control and data treatment. The HS-SPME/GC-MS analyses were made in the splitless mode, 60 s closed valve, 15 min more with the split valve open (ratio 1:50) to clean the fibre, followed by a split ratio of 1:20 to the analysis end. The retention times of n-alkanes to calculate retention index were obtained of headspace extraction performed during 30 min, at 60°C, of a solution with C 9 -C 22 in n-hexane.
Analyses with injection of 1 lL of hexanic solutions of essential oils were made in the split mode (1:20) in the same chromatographic conditions used in the HS-SPME/GC-MS analysis.
Linear temperature programmed retention indexes (RI) were calculated using the retention data of linear alkanes (C 9 -C 22 ), along with retention data of the substances of the essential oils. The identification of the volatile components was based on comparison of their mass spectra with those of NIST 2.0 and Saturn Libraries and those described by Adams (1995) , as well as by comparison of their retention indexes with literature data.
Statistical analysis
Statistical analysis was performed using the MINITAB 14 for Windows statistical software to characterise and describe the homogeneity among oils samples of two stages of maturation. Cluster's statistical analysis with Average Linkage and Euclidean Distance was applied in the normalised percentage value of the substances. The similarity index was calculated as similarity ab = (1 À d ab /d max ) Â 100, where d ab is the Euclidean distance of samples a and b, and d max is the largest Euclidean distance in the data set.
Results and discussion
The analytical parameters adopted for the analysis of fruits and leaves were 45 min (extraction time), 40°C (extraction temperature), 60 s (desorption time) and 50 mg of leaves and Fig. 1 . Comparison of the fibers on the extraction of some substances. 100 mg of fruit as mass of sample. Samples were placed in vial of 4 mL. Table 1 shows a total of 100 compounds detected in fruits and leaves by both techniques. Qualitative and quantitative differences found in volatile compounds isolated with HS-SPME and conventional methods such as HD and LLE are reported in the literature. Some articles presents the HS-SPME extracting the highest number of compounds (Bicchi, Cordero, Liberto, Sgorbini, & Rubiolo, 2008; Vichi, Guadayol, Caixach, López-Tamames, & Buxaderas, 2007) while others attribute a better performance to the conventional techniques (Paolini, Leandri, Desjobert, Barboni, & Costa, 2008) .
The two techniques have different principles of extraction, the HD is a method of exhaustive extraction while SPME is based in equilibrium. In the SPME extraction the molecules of the analyte have to move from the matrix and penetrate the coating fibre. For this reason, resistance to mass transfer must be overcome, until it strikes a partition balance or adsorption of the analyte between the fibre and the environmental that it surrounds. Therefore, the theory of SPME is based on the kinetics of mass transfer between phases and in the thermodynamics that describes the partition equilibrium of the analyte between them (Valente & Augusto, 2000) . Moreover, the fibre coatings present different chemical affinities for different analytes, as presented in the Fig. 1 , and whatever the coating is, it will require a calibration with standards in a quantitative analysis. However, area percent of chromatographic peaks of volatile components are normally reported to provide the order of magnitude of each substance in the whole mixture. For all these reasons, this study emphasised the qualitative aspects in the two methods. Using the HS-SPME technique, a major number of substances were extracted in fruit and leaf samples in both stages of maturation.
In all the HS-SPME analyses a large scope of monoterpenes was isolated while the HD method was more likely to lose these substances during the analytical procedure (extraction and storage) as showed by the great variability from one sample to another. HS-SPME is a rapid and sensitive technique, being adequate for the detection of volatile substances. On the other hand HD is able to extract oxygenated monoterpenes and oxygenated sesquiterpenes that were not detected by HS-SPME. The HD method involves more steps and time analysis that can lead to chemical changes. Oxygenated compounds such as terpineol, carotol, guaiol, a-cadinol, caryophyllene oxide and humulene epoxide II were detected only by HD. The presence of some of these substances may be understood as products of thermal oxidation occurring during the distillation process (Schossler et al., 2009) .
Essential oil composition depends upon internal and external factors affecting the plant such as genetic structures and ecological conditions (Telci, Toncer, & Sahbaz, 2006) . Maturation stages constitute an important factor influencing essential oil composition in some plants (Telci, Demirtas, & Sahin, 2009 ). Msaada et al. (2007) reported geranyl acetate (46%) as the main component in immature fruit essential oil of coriander, while limonene is the main component of mature fruit. Telci, Bayram, Yilmaz, and Avci (2006) reported similar findings in coriander with limonene contents varying from immature fruit (30%) to full mature fruit (77%). The major compounds found in the immature fruit of M.
indica var. coquinho were terpinolene, a-gurjunene, a-humulene, E-caryophyllene. The phenylpropanoid p-cymen-8-ol was detected in significant amounts only by HD. In immature leaves cyperene, Ecaryophyllene, a-humulene and terpinolene were the main compounds found. The oxygenated sesquiterpenes carotol, guaiol and a-cadinol were detected only by HD. The major compounds extracted of the mature fruit were terpinolene, E-caryophyllene, a-gurjunene and a-humulene. In mature leaves cyperene, a-gurjunene, E-caryophyllene, -cedrene and a-humulene were the main substances detected. Hexadecanol was detected only in mature fruit being the compound with major area per cent in HD extract (29%). Spathulenol and E-sesquilavandulol were detected only in mature fruit and leaf. Homosalate, used in sunscreens (Sarveya, Risk, & Benson, 2004) was obtained only by the HS-SPME technique.
In order to diagnose and characterise the correlation among the stages of maturation of fruit and leaves oil, the resulting dendrogram, shown in Fig. 2 , was useful for obtaining pre-selected profiles of high similarity. The data set was divided into three ; I R Lit , Adams, 1995; t < 0.1%; (-), not identified. Fig. 2. (1) Immature fruit, HS-SPME; (2) mature fruit, HS-SPME; (3) immature leaves, HS-SPME; (4) mature leaves, HS-SPME; (1a) immature fruit, HD; (2a) mature fruit, HD; (3a) immature leaves, HD; (4a) mature leaves, HD.
groups at the 35.54% similarity level. The first cluster included samples 1 and 2 (immature and mature fruit by HS-SPME). The second cluster can be subdivided into two subgroups: (A) samples 2a and 4a (mature fruit and leaves by HD); (B) samples 3 and 4 (immature and mature leaves by HS-SPME) and 3a (immature leaves by HD). The last group was formed by 1a sample (immature fruit by HD). For fruits (samples 1 and 2) of the two stages of maturation a similarity level of 59.3% was observed, and for leaves (samples 3 and 4), 52.1%, in analyses by HS-SPME. The same results were not observed in the analyses realised by HD. Level of similarity of 52.8% was observed in analyses by HD in the maturation stage between fruits and leaves (2a and 4a). The sample of immature fruit oil (1a) by HD did not show correlation.
Conclusions
The results demonstrate that even being thinner than commercial PDMS, the fibre NiTi-ZrO 2 -PDMS can be applied efficiently in the extraction and pre-concentration of essential oils.
Concerning the essential oil content, our results prove the complementary aspects of both techniques. Differences between hydrodistillated essential oils and the volatile compounds found in the headspace of M. indica var. coquinho brought additional information about their composition and their possible chemical transformation during the hydrodistillation process. The HS-SPME technique offers net advantages in term of isolation time and positively contributes with ''green chemistry''. The analysis of leaves and fruits showed that some components were detected only in mature material and others varied significantly according to maturation periods.
The cluster analysis showed low correlation among the extraction techniques HS-SPME and HD. Higher levels of similarity were seen by the extractions with HS-SPME among the maturation periods of the same sample (fruit or leaves). The HD technique only showed good correlation among fruit and leaves in mature period.
A complete characterisation of volatile components of fruits and leaves may require the use of more than one extraction technique and the analyses of different stages of maturation.
